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ABSTRACT

This article describes the current state-of-the-art technique of percutaneous
transplant renal biopsy. A brief overview of the history of transplant renal biopsy is given.
The indications and contraindications are discussed, including pre- and postprocedure
patient management. The technique of the procedure and the devices that are available in
the market are described.
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Objectives: Upon completion of this article, the reader should (1) be able to identify indications for and contraindications to transplant

renal biopsy, (2) be familiar with preprocedure work-up and postprocedure care of the patients, and (3) be familiar with the technique of

the procedure.
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Each year, some 12,000 patients undergo pri-
mary renal transplantation.1 The renal transplant survi-
val rate has increased significantly with improvement in
immunosuppressive medications.2 Several methods
have been used to diagnose renal allograft dysfunction,
including clinical evaluation and laboratory tests;
however, core biopsy remains the ‘‘gold standard’’ for
the diagnosis of renal transplant abnormality.

Iversen and Bran first introduced the percuta-
neous technique for renal biopsy over 50 years ago.3

Historically, renal biopsy has been performed with
relatively large 14- or 15-gauge needles using a manual
technique. The needles widely used in the past included
the Jamshidi, Tru-Cut, and Silverman. Larger bore
biopsy needles have been associated with higher com-
plication rates. Automated and semiautomated biopsy
devices have been introduced and are being used more
commonly (Fig. 1).4

Because a finite risk is associated with core renal
biopsy, alternative noninvasive imaging techniques have
been investigated to screen for and diagnose renal
allograft dysfunction. Nampoory et al compared the
predictive accuracy of Doppler ultrasonography, renal
scintigraphy, and fine-needle aspiration (FNA) biopsy
against the gold standard of core needle biopsy for the
diagnosis of acute renal allograft rejection.5 The authors
claimed the diagnostic accuracy for ultrasound, renal
scintigram, and FNA biopsy to be 67.4%, 80.5%, and
74.4%, respectively. A higher diagnostic yield was cred-
ited to core renal biopsy compared with FNA biopsy and
monoclonal antibody staining by McConnell et al.6

Histological markers of acute allograft rejection
include intimal arteritis, interstitial inflammation, and
tubulitis.7 For the diagnosis of cellular rejection, a FNA
biopsy sample is examined for leukocyte infiltration and
the antigen load. In comparing FNA biopsy with core
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biopsy, Brown et al indicated lack of diagnostic accuracy
of the results obtained by FNA.8 Renowden et al studied
renal allograft rejection with Doppler ultrasonography.
The authors found an early to middiastolic notch in the
arterial Doppler waveform of the patients who had
biopsy proven cellular rejection. This finding was highly
specific but not very sensitive for cellular rejection. The
early diastolic notch was present even in patients with a
normal resistive index of 0.7 or less.9

INDICATIONS AND CONTRAINDICATIONS
OF TRANSPLANT RENAL BIOPSY
Transplant renal biopsy is generally performed when an
acute or chronic renal allograft rejection is suspected.
The main clinical indicator of renal allograft dysfunction
is a trend toward increasing serum creatinine levels above
a baseline value. A single abnormal laboratory value
generally does not warrant renal biopsy. Some authors
have suggested an increase in serum creatinine of 25%

above the baseline as in indication for transplant renal
biopsy.10

Other early clinical indicators of allograft rejec-
tion include unexplained fever, edema, hypertension,
eosinophilia, oliguria, anuria, and proteinuria unrelated
to glomerulonephritis. Clinical criteria alone cannot
predict graft dysfunction in 50% to 70% of the patients;
therefore, histological confirmation of the diagnosis is
often required.11–13

Some authors have recommended protocol trans-
plant biopsies at scheduled intervals despite normal renal
function to diagnose subclinical allograft dysfunction. In
one study, the authors performed 228 transplant biopsies
on 108 patients. They concluded that by performing
protocol transplant renal biopsies, their group was able to
diagnose and treat clinically silent acute rejection in 13%
and chronic rejection in 52% of their patients.14 Some
authors believe that the presence of subclinical inflam-
mation contributes to chronic graft sclerosis.15 However,
the clinical significance of early detection of silent
inflammatory infiltrates in stable allografts remains con-
troversial.16

Although transplant renal biopsies have also been
recommended to assess the response to antirejection
therapy, the role of such an indication remains contro-
versial.11,16 The difficulty in determining the response to
antirejection therapy lies in the lack of understanding of
the significance of silent inflammatory infiltrates in
allograft biopsy specimens and the dearth of knowledge
about the time frame involved in resolution of inflam-
matory infiltrates after successful antirejection therapy.
Indeed, delayed resolution of histological changes
consistent with allograft rejection and persistent in-
flammatory infiltrates have been found in up to 30%
of protocol biopsies after clinical resolution of the
symptoms.17

Hemorrhage is the major complication associated
with renal transplant biopsy. The rate of both occult and
frank hematuria ranges between 5 and 40%. Perfor-
mance of biopsy in the presence of uncorrected coagulo-
pathy predisposes the patient to a significantly higher
risk of bleeding. Sharma et al studied the risk of bleeding
in patients with a low platelet count undergoing solid
organ biopsy. In a study involving 87 patients, the
authors demonstrated that in the presence of otherwise
normal clotting factors, a platelet count less than
60,000/mm3 predisposed patients to a significantly
higher risk of bleeding.18 In the presence of a normal
platelet count, an international normalized ratio (INR)
of 1.3 or greater has been documented to increase
bleeding complications significantly.19

In an attempt to manage bleeding complications
in coagulopathic patients, authors have employed several
techniques including injecting gel foam and fibrin in
the needle tract as well as electrocautery of the needle
tract.20–25

Figure 1 (A) Express Core Biopsy Device, Inrad1 (Kentwood,
MI). The biopsy device comes with a blue handle, which is pulled
as shown in the figure to cock the biopsy device. After the blue
handle locks, it is pushed back to its resting position. The device
is now cocked and ready to fire. The red button at the back of
the device is the firing trigger. There is a safety lock seen as a
blue button at the back of the handle. The device can be adjusted
to have a 13-mm, 23-mm, and 33-mm throw. (B) Bard1

Monopty1 biopsy instrument (C. R. Bard Inc., Covington, GA).
To cock the biopsy device, the green knob at the back of the
handle is twisted twice in the clockwise direction. The pink
button also at the back of the handle is pressed to fire the device.
This device has a 22-mm throw. (C) Single Action Biopsy Device
(US Biopsy, LLC., Franklin, IN). This device is cocked by pulling on
the plunger at the back of the handle. The plunger is then
advanced to a point of resistance. The device is cocked in this
position and is fired by pushing the plunger all the way. This
device has a 20-mm throw.
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A relative contraindication to transplant renal
biopsy is bacteremia. Biopsy of the transplanted kidney
in the presence of bacteremia is controversial. Because
infection may be a small complication of transplant renal
biopsy, at our institute transplant renal biopsy in patients
with bacteremia is delayed until the infection is brought
under control.26

TECHNIQUE OF TRANSPLANT
RENAL BIOPSY
Several techniques for transplant renal biopsies have
been published. Use of real-time ultrasound guidance
in the performance of percutaneous renal allograft biopsy
is now almost universal; however, the wide-scale accep-
tance of this technique is relatively recent. Journal
articles claiming superiority of real-time ultrasound
guidance for renal biopsy over ‘‘blinded’’ techniques
started being published in the early and mid-
1990s.27,28 As late as the early 1990s, physicians routi-
nely performed transplant renal biopsies without real-
time imaging guidance.29 Blind biopsies were performed
by nonradiologists using physical palpation, anatomical
landmarks, or after the skin entry site was marked with
ultrasound by a radiologist.

Although ultrasound guidance is now almost
universal because of the ease of use and versatility of
this technique, computed tomography (CT) has also
been used to guide core needle biopsies in cases in which
ultrasound guidance was suboptimal because of the
patient’s body habitus.30 In the author’s opinion, CT
guidance not only exposes the patient to unnecessary
radiation but also is also more expensive and time
consuming.

An alternative technique of renal biopsy was used
by Mimata et al.31 In a pilot study, the authors per-
formed renal calyx puncture in a retrograde fashion,
passing the wire transcutaneously using ureteroscopic
guidance and then inserted a guiding needle over the
wire. Through this guiding needle, a core biopsy device
was inserted and biopsy performed. A 7 French catheter
was inserted in the renal pelvis to achieve hemostasis by
tamponading the tract. In this author’s opinion, this
technique is much more traumatic with a higher poten-
tial for complications and a low likelihood of a positive
yield because the needle tract traverses the renal cortex at
a right angle, minimizing the thickness of the cortex the
biopsy device traverses. Another intriguing technique
described by Leal involves transurethral biopsy of
the native kidney.32 Theoretically, this technique could
be employed in transplanted kidneys as well.

At the Indiana University hospital, the vast ma-
jority of renal biopsies are performed on an outpatient
basis in the morning. The patients are admitted to the
outpatient surgical unit after an overnight fast; prepro-
cedure samples for laboratory studies are drawn (if not

already available), an intravenous access is secured, and
patients are observed after the procedure until discharge.
In addition to review of the patient’s medical records
and analysis of laboratory results, a detailed history is
obtained to ascertain the absence of familial or drug-
induced coagulopathy and active infections. If such
issues are present and it is clinically warranted, the biopsy
is postponed until the issues are resolved. A physical
examination is performed with emphasis on the assess-
ment of cardiovascular and respiratory systems.

By convention, we require a minimum platelet
count of 70,000/mm3 and an INR of 1.3 or less for solid
organ biopsies including transplant renal biopsies. An
uncorrectable coagulopathy is considered an absolute
contraindication to renal biopsy. We attempt to correct
thrombocytopenia by platelet transfusion tailored to the
severity of the abnormality. To reduce the hemorrhagic
risk of medication-induced thrombocythemia, aspirin is
withheld for 3 to 5 days prior to the biopsy under elective
circumstances. Outpatients with an INR � 1.3 who are
receiving warfarin (Coumadin1) have many options to
reverse their coagulopathy transiently after withhold-
ing this agent: (1) anticoagulation with enoxaparin
(Lovenox1) for 5–7 days and then withholding it
24 hours before and after biopsy and (2) vitamin K or
fresh frozen plasma (FFP) administration, or both. For
inpatients anticoagulated with intravenous heparin, the
procedure is performed after interrupting heparin for
2 hours before and after the procedure without the need
for activated partial thromboplastin time (aPTT) repeti-
tion because of heparin’s pharmacokinetics. Bleeding
time is not tested as its utility as a surrogate for
hemorrhage risk associated with renal biopsy is unknown

Transplant renal biopsy is performed in the ultra-
sonography suite by an interventional radiologist. The
operating physician scans the transplant kidney for any
abnormality suggesting the etiology of transplant dys-
function such as hydronephrosis or a perinephric fluid
collection. If no such cause of renal allograft dysfunction
is found, the operator proceeds with the biopsy.

The transplanted kidney lies in the iliac fossa
overlying the iliopsoas muscle in the extraperitoneal
space. In patients receiving repeated renal transplants,
the kidney may be placed intraperitoneally. The outer
convex curvature of the kidney projects laterally, and the
concave renal hilum projects medially. The anterior
surface of the kidney is separated from the skin over
the anterior abdominal wall by transversalis fascia, three
layers of abdominal muscles, and subcutaneous tissue
and is thus quite superficial depending on the thickness
of the subcutaneous fat.

The skin over the transplanted kidney is prepared
and draped in normal fashion. Vital signs are routinely
monitored; however, conscious sedation is generally not
administered to patients because of the lack of pain-
sensitive surrounding fascia. The skin overlying the
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trajectory for the biopsy needle is infiltrated with 1%
buffered lidocaine solution as a local anesthetic.

We perform biopsy at either the upper or lower
pole of the transplanted kidney depending on the ease of
access. The trajectory of the needle is chosen so that the
entirety of its intrarenal course traverses only the renal
cortex. This minimizes the risk of damage to major
renal vessels (Fig. 2). The path of the needle in the renal
parenchyma is oblique to the renal surface, maximizing
the thickness of renal cortex that the needle traverses.
Such a trajectory, in which the entirety of the needle
passes only though the renal cortex, is possible with ease
only at the renal poles.

The use of a guide mounted on the ultrasound
probe that predicts the path of the needle is a matter of
personal preference. It restricts the number of potential
trajectories but maybe useful for those uncomfortable
with the freehand technique of ultrasound-guided
biopsy. A small dermatotomy with a no. 11 blade is
created to allow the biopsy needle to be inserted in the
subcutaneous tissue. The intracorporeal course of the
needle is monitored in real time with ultrasound. The tip
of the biopsy needle is introduced a few millimeters into
the renal cortex before the gun is fired to avoid ricochet-
ing off the tough fibrous renal pseudocapsule. Usually,
a second pass is made in a similar fashion to obtain
adequate tissue for histological analysis. The biopsy
specimen is then examined visually as well as under a
dissecting microscope for assessment of the adequacy of
the biopsy sample by the cytopathologist or technologist.
Postprocedure ultrasound assessment is performed im-
mediately before termination of the procedure to identify
any potential complication such as a perinephric or
intraparenchymal hematoma, after which patients are
returned to the day care surgery unit for postprocedure

monitored convalescence that entails 4 hours of bed rest
and analgesia as required. If this is uneventful, they are
discharged without further examination. Patients are
warned that they may experience mild transient hema-
turia and discomfort at the biopsy site. If patients
complain of worsening pain or experience gross hema-
turia, they are brought back to the ultrasound suite and
are scanned again. Appropriate treatment is prescribed
according to the ultrasound findings and the clinical
scenario.

SAMPLE ADEQUACY
A minimum of 5–10 intact glomeruli are required to
make an adequate histological diagnosis.33,34 In a study
involving 108 subjects, Yoshinari et al demonstrated that
each 10-mm length of a 0.5-mm-diameter specimen
contained a mean of 11.9 � 5 glomeruli. Therefore, an
average 1-cm length of specimen is required for adequate
tissue diagnosis.35 The authors also suggest that an on-
site microscope be available to determine the adequacy of
the biopsy specimen.

In a study performed with 16-gauge biopsy
needles, Chan et al demonstrated that radiologists per-
forming the procedure were able to predict the adequacy
of the sample in 88.4% of cases by visual inspection of
the biopsy sample only. However, they recommend the
complementary presence of a histopathology technolo-
gist during the procedure to virtually eliminate the need
for repeated biopsy because of inadequate sampling.36

In a study performed on autopsy kidney speci-
mens, Hopper et al demonstrated that the larger 14-
gauge Tru-Cut and Jamshidi needles yielded a larger
number of intact glomeruli but were also associated with
a greater crush artifact than with smaller 18-gauge

Figure 2 The entire needle tract from the
skin to the needle tip is demonstrated (arrow-
heads). The tract traverses the hypoechoic
peripheral rind of renal cortex. The hypere-
choic renal sinus complex situated more cen-
trally is completely avoided. The figure also
demonstrates the greater thickness of cortex
available at the renal poles. An oblique needle
approach as depicted in this figure traverses
the greatest thickness of the cortex, thus
maximizing the diagnostic yield, and at the
same time avoids the larger vessels situated
in the renal sinus complex.
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needles.37 They concluded that biopsy specimens
obtained by 18-gauge automated biopsy devices yielded
an adequate number of glomeruli for histological diag-
nosis. Boyvat et al compared the adequacy of biopsy
samples in 250 consecutive transplant renal biopsies. Of
these, 102 biopsies were performed with conventional
14-gauge needles and the subsequent 148 biopsies were
performed with an automated 18-gauge biopsy device.
They found that the yield of glomeruli was slightly
higher with the smaller 18-gauge needle and the rate
of complications was lower. However, neither of these
results reached statistical significance.38

COMPLICATIONS OF TRANSPLANT
RENAL BIOPSY
The rate of complication secondary to transplant renal
biopsy has been variously reported between 0.06 and
13%.27,41–45 The variation in the frequency of the
reported complications depends on multiple factors
including the experience of the operator, utilization
of imaging guidance, gauge of the biopsy needle, and a
proactive effort on the part of the operator to pursue
subclinical complications by follow-up imaging.

For each patient, the benefit of histological con-
firmation of allograft rejection needs to be weighed
against the risks of procedure-related complications.
Hemorrhage is the predominant complication related
to transplant biopsy and may occur acutely as micro-
scopic or gross hematuria or subcapsular hematoma. The
rate of frank and occult hematuria secondary to renal
biopsy has been reported to be between 5 and 40%.39,40

Arterial injury may also result in arteriovenous fistulae or
a pseudoaneurysm.. A subcapsular fluid collection is
generally managed conservatively but may require per-
cutaneous or operative intervention if there is evidence of
compromised renal function. A small minority of pa-
tients with a decrease in their hemoglobin levels or
hemodynamic instability may even require blood product
transfusion. Loss of a renal allograft as a complication of
biopsy is rare.

Transplant renal biopsy carries a lower complica-
tion rate than native renal biopsy.4 Among the 458
patients studied, with 315 in the native kidney arm
and 143 in the transplant kidney arm, the complication
rate was 28.9% in the native kidney arm and 19.5% in the
transplant kidney arm. The transplanted kidney is much
more superficial than the native kidney, separated
from the skin only by a thin layer of muscle, fascia,
and subcutaneous tissue of the anterior abdominal wall,
and is therefore much better visualized because of less
acoustic impedance of these structures. In addition,
because the biopsy needle has to travel through a thinner
layer of tissue, the operator has better directional control.

Many authors have documented the safety and
efficacy of the smaller 18-gauge automated biopsy needle

compared with the conventional Tru-Cut biopsy nee-
dles.27,38,45 In the pediatric patient population, the safety
and efficacy of percutaneous renal biopsy using a smaller
18-gauge needle over conventional larger needles has
been proved by Kersnik Levart et al.43

Given the higher complication rate of previous
renal biopsy techniques, patients were traditionally ad-
mitted to the hospital overnight after the procedure for
observation. However, with the advent of safer biopsy
devices with smaller gauges, combined with improve-
ments in renal localization and real-time visualization of
the process of tissue acquisition, the complication rates
have decreased.27,45 This, aided by increasing health care
costs, has prompted many physicians to perform renal
biopsy as an outpatient procedure.44 The safety and cost
benefits of renal biopsy as an outpatient procedure have
been well described.46–50 Therefore, as the number of
renal transplant patients increases, so will the utilization
of this technique in care of these patients.51–54

ABBREVIATIONS
aPTT activated partial thromboplastin time
CT computed tomography
INR international normalized ratio
FFP fresh frozen plasma
FNA fine-needle aspiration
PT prothrombin time
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